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ABSTRACT 

«y so ?5)Or:!tO!f the glycerRsc ,;f:vu] ^^^i^Dciu. pa-jcsni. A icctni trend 
355 5h« dispcs&b^e sslf bloos giucow icnssJig devsK^pme);; has b«tn the 
ijse of Xivrrdoqmnciim csuiiiCine-sarjx-ing giucost del=ydrogeT:3se 

v««i)0R8l}y BtjJized gSacose oxidas?- (GOD) rtr^i&ins. wjoely uiibaed jji 
COM. T<vo ma)or proh'iems xbKi srcse in sh^ s^pplScstJcn of }'<iQGDH 
for CGjv! ase the poor .^5&b^.!)iy &ixi i;s seqbiiejr.sn^. 5or arnhcisl eie<i!o;! 
Bccepro.-s: foi e.iec:irochej;rk.ai ffis^s-orerr^ent. To scOve ihcKe probien-ss, 
we jnvssJigalfid tbs smesjabilhy of o«r ersgisieered FQQGDH Ser41 5Cys, 
v4i!ch has s f&r supeftor thsnual sl8bi% over 5bs wsld-type engyjne, for 
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\ht COM system, asd she sppiksbiliiy ci cyx bf^ta ss ibt- detiiror: issdiator 
to construe! s COM sysiem fjtse of symhetic j^^edsator. As s resij:!?, 
tije opers!ior:35 mhilhy of CGM systej:^ employing Ser4]5Cys 
co-in-imobiJiaed witl cy{ was far superior to that oi she *i!<3-iype 
snzyme-bssed e!ectrcK3«, vith more- ih&i) 60% of she inhh) sespO!>$« 
observed sftsr 72.hr si 3?'C. We achievfici she successAsJ appheaieji of 
PQQGD}-? in contimom C'psmkm without & significsn? cfecresse in the 
sensor iignsl. 

Key Wm-ds: 0>r\\mmm giOcose monitoj-hig (COM); PQQ glucose 
dehydrogenase (FQQGDH); Gitseose sensor; Cytoc.hrcJ«e ^s^^ (cyj ^j^s^i. 
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^uypm I > ihe n-seUs-iitOT ob.e.^ vt- b?^'e j so proposed the sdea of 
t si Z5!i' fM<>Ho-!CS 4r alluJotAt to iht jrLfcm] s>'5^thet3C electross 
,T / c , rQQrr-^-lra^ed glucose ^en^oi:s Wf hue focosedonthe sppls- 
- Ki^''^^ < . ^< cyloth30J3jf ^^.^t^ <=2>»s '2.7-kI>amonoi«erk 
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fcugir.eered Ser4]5Cys 
"je electron n-jediator. 
the electj'or; J)>ed3ator 



M4TERL4i S A.\D M£ i BOB 
Materials 

Kecx.mbx;i8M FQQCDH (water-soiufok PQQGDB. FQQGDH-B, or 
s-GDH) frorj) Acimtobatu^r ctskcacetkus and cyt iX,o2 from Egs/i^were 
prepared iisiisg Rcc^U DH5a as host girasr: as previously described, * " ■'■ 



EiJ^vroe Ss??is.f«- CamU'w-.tkm and Operntmi 

fQQGDB/fmmmt^mimomi?M dects-odes were jr.ade by mhm$ 
20 mg of cM>on psste (0,5 g grspliiu: povder mixed with 0.3 n>L vm^mn 
liquid BSA Inc., West Lafsyetie, USA) with 100 U of v.:nd-typs PQQG.Dh 
!l"4 V ;0~''-'mo.i) or Se;i4].^Cy£ (2.B x I0"'-n-5oj) ir. lOisnM MOPS buffer, 
r^-l 7.0. BoY)ne serum alburriin (BSA) was sdded to each triixtu^-e to ensure 
that t'le^- conuiijied f.-.n equs; smosni of protein, n-jentixtvires were iyophiiized 
aTd Sed wHli*"forx5g of feJTOcenc. The mixtures were packed i«to the esds of 
c, I ^ . odes r ^'.-'P ' or x-5 i < c " ic " ^o^^ Ct, 1 

FOQGDH was preoared in the apo-forsn, wHbou5 PQQ in ni> active cejiter. To 
slkv^'holo fonnation, ibe electrodes were .sos1;ed In WrrM MOPS buffer (pH 
".Hi cf-nt&i;iing 5 i-iM PQQ and 1 jnM CsG. at 4'-C tor si jeasi 30n-5ri, washed 
vnh lOmM MOPS buffer (pH 7.0). sno stores at 4'C until o&e. 

' Flectrcces with cc inimobilked PQQGDH/cyt k^z were prepstred as 
, C' tc"wt^;e -no r.SA ^nt 05.j,ncd Ins-.uc. 

U)0 ri30]ar excess of cyl h^fa ^'SS m;?icd svisJ-s 203Tjg of osrbon pas^e and jOO iJ 



of wild -type- PQQODH or Ser415Cys. The lyopbilized jiTsxturss ^^'ere packed 
and fixed ijito elmrodes, and hoio fcn^iaij'on was allowed io p3x>ceed as 
described above. 

Tl)e tmyms electr<x5e, j^f^encs electrode, and couriter electrode wej-e 
joiTied to a cross-flow cejl (BAS fee. Mode] KoJ 1-2456) that was connected 
to a flow pun;p {CCPM, TOHSOH) in s cclasyj oven (CoS020, TOHSOH, 
Japan), as depicted ia Rg, L An Af/AgCJ electrode (Mode) RE^SV, BAS 
Inc.) a»d a stainless .«ee1 lube (BAS ir.c) were used as reference and 
counter electrodes, respectively. The can-let solution was lOmM MOPS 
buffer (phi 7.0) comaini»g 1 mM CsCJv with flow rate of 0.5mLn)irr'. The 
potential was^ controlled by a potei)t;cs(ai HA 151 (HOKUTO-DENKO, 
Tokyo, Japan) ;n & three- elecrxode ceil and carrenls were rcvtoided witls 
a chai-£ recorder i0.hk;;i-j- eiecirsc conrpany. Tokyo, .lapan). The apvplied 
potential for the n^easorenients was 4-200 or '+250in\' vs. Ag/AgCl 
for POQGDH/ferrocene or PQQGDH/cyt ^-ggg electrode. COM carried 
out by tneas-^ring the ctsrreni response to SrxM g.lt3cose with flow rate of 
0.1 niLirtin"' for 72 hr. Ail xn&asmmmns were psjfor»-jed at .?7'C. 
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%«re i. Schensaiic <Mgmr: of C.GU systej-n. 



RESULTS A^^D BiSCUSSION, 

it}vesM§8tio8 of OperatsoKal Stabshty of CQM System 
Emplovlsjg P00G5>H 

> , ^ 1 . t rpe on^l sta^sl t\ of si -^pe FQQGDH and 

t T ret T V ^ ^ \u4 '^t 5n I f CCAt «-v«*c3« utsto ,g Jbt s>n~ 
^ -(O'K . t n ^ ! I £ t ] e FQQGPH electrode, <.vjtb 

car-c c r ^ i f . ^ ^ ^ 3 ^ ^« t^^ r> ^ ?r n 

^ rx&^ v.ont an'^n'! ^ fere ois r 5 >■ i ^ ^etn ^'e.idv> <.-',5U ru-re 

Si- si ^ fcrfod&« by a i 'X5t. course o os \m ! 

*^ ^ vl |, 1.0x0 coiTe ponding to J], ) <.\ ^te « u(.c<.t cs-t «t or s ^ 
hca]ihOb..i)a5S rPtg 4i ''2^ <^ tpc u on, vi d >te Gr-H elec- 
ts df -&.-ta ed O) V 25 ^ <• ^t! e 3 mal -e&pou&e U-e csljbratson ? ve deto 
n 5 <r*iu r of pe5^t rn [Fjp 3u) ^ov^s a feejiej*." dme.ass m canem 
jfc oTi^c 0 ••oo^ the u gjnal value T -'soll^ 5ndsc&l« tlst W5h- 

tvp PC\*-' 5*^^^ ^^^^^ ^^^^^^ ^ ^ fonnriuous 




O.DSmryi Glucose Q,itnU Gkic-os.® 

Fj^Ckj-^ 2, Re.ipcr)S.e curve of fne r£Rs;or c.:nplOYi5;« -■;t(>iypc-: PQQGDH an; 
ienocene as mtdia-ioy. 
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Fjf w« 5. CslibraiioB fiiirvss of PQQliDB /fsr.n'iX&nt ekciroiSes bdort opsrsiioE 
(#) sind sfter 72 hr raerstion fO). (a) Wj-d-iype FQQGDH/fsnotene e!ed;xi<ls. 
if) -3 i J^Cvs fc-TO«;!e fkrsrode. The eanic-r s.olj;iori Vi'ss lOmM MOPS buffc 
iri-: " 0" fo^.-tis-.-'.ip ; CaCo ^viih Hoxv rsse. 0.5n;Lr3:s53" '. The appjie<3 poJejisisl 

5:5g She cunet!! rssyome ^iwcose with flcv rut 0.5 KiL mii" ' fc;r 72 hi. Al] 

eSiSerirnefiis vveic-: done at 37' C. 
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Fi^ms 4. Opej^lionsi SSBbHiiv of fXJQGDH/feTrocene eiecirixisF. Wilc-iyF- 

PQQGDH ( — ) or Set415Cys { ) w&i itmsidmh<^.^ with ferrocsjx-.. The csmer 

«>3i)t!<jn w&s lOmM MO?S bufe (pH 7,0) cmmnn-ig } C&Ch and SnjM giuccse. 
xvm flow me 0.1i?iLj«hr-. The spp)k.£i poimi&l tor ifteasarf-SKeiits, wai 
4-200?j^v vs. Ag/AgCI. CGM ^'as casried out by srssasaring ths mmtnx yBspfsj-tss to 
5 rnhi graces? wi?h flow rata 0,5 siLm;t]~ ' for T^Jir. 



In conuast. \he COM natm ernpioyirg the r'>e-!-.--c«abk eT.ghi«red 
Ser415Cys PQQC'DII ~->^!nt< oO-\ of ihc .^v.;?^; -fvj-jKro : v ' c^'.v.-- 
noous operatioi^ (Fie, 4\ The hsif-hfe. <'i br.-;i?C\r-ra?.i-o LG>.: o-vf xssi- 
caJculaied st IS^b", v..hKh refifcctf: 8 fas greater slability ihar; tlx- <.X-yl ^\iA<Yu 
fcmployjng tl^e wild-type eonxyme (half-Hfe 52.^ k). The o&>b j . ,3^f 
the Ser415Cvs electrode after 72153- of operation showed itsporife,-^ ;h35 \\t^% 
cniv i-^if'h-.iY io\>^'s^ thsr. !Trn;il vsloss Pig, ^ibV:- H-ift'sfore, the observed 
„, , , H\fc3?3t>e a^d wai H-covered by 

i^-lc"b"f-'Oi' ■.•^;:-. o^^i'' •ve.s •.j-r.er^.oh.uion, vvi-,ich vvss csnied om betweer. 
th'^s.c ex-oenroentf. sbhcud": wild-^vpe enmne sctsviry was not ^^covei-sd. 

; , , — <4 ^C\s '?r^f J^ ^tD^^ . s 

U . < OC^ . ' ^ 5f5 d.e '^e 1 < ' ^ 

of thi& t^^gir-eered PQQGDH during the cojjtiraior,. ypesstlon tk-;ei-::re i;) eiy 
■■esu)t.f fron-5 Cne scooTnulstior^ of e!i;y-r;e reacDon prodoas ?.s wtl] 3,^ tne 
;-edx-ced enzyme fojir;. 
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CGM System Emploj'jBg FQQGBB and Cyt 

e;t} v^i'd-tvpe PQQGDH o Se 41 ^<;,^ ^ PQQGDH Ths i. ^ . n a cj) 
c bnth CX'M fcvstctsis showed that cy; ^j^,^ c«») x .uiu-v3 the 
.V- r.^ rnuutoj r PQQGDH'based CGM systfjm (ftp 5) The ^«rs>or 
K '< n w e ^01 kO low cojBpiaed mth th. &e tor CCM s} V.e,-s& ersp &\ i5>g 

5 ^ V .V. i i I o t -'>jri.<! op J?t,^n for TCM emplcja g 

tu r^, obfL^ned ^ah ne >3,0i.cne r.^e^wtcr T^e re^-pc <.f the ^3,d~ 
tvpe jPQQGPB-bsbed CGM s>feifcn) dsneased rs-psdly, >*5th s half Lf»r of 
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Figured. OpemkjRal stabvn' Orr^ <'x £ r vx^ ^k^w 

( ] ax S<;r415Cys ( } v^'as co-;nii:T:obiiaec3 wnb cyt ^55^. The carrier soliujon 

w&s iQmU mops' buffer (j>H 7.0) cc-msining ] xnM CSG2 snd SrnM ^'lucofc v,hj; 
Bow 5«e 0,1 inLnm-'-. The Sippir-cid pote.rji5«l for the n^eas.ureme!)ts sv;.s ~250n;"^- 
vi. Ag/AeCi, CGM ^^•■3S cgnicd <:--3t by n^as^i^mng ;he ciJirsKt rc-ponse U) Sd^M 
ohK-Ose v;'hh f^ow fsie CSTr^Lmi;;" = lor 72 hr, A51 t^ipes^ment- \^'ert done si TrC 



^pp! X « ] nx 3 « it a ( i\ 

over 70% decrsased ssgnaiS. 
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n h V kl3pp;ksiio«ofPQQClDHin 

>3e K ] X t3 f-ln I he opt i l ! ~> us 

«x-»ei. c <. voiJ the I* trea e } « g dir <;<fc'^ 3^5nce5Ue i tr 
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JT3^ is^o m e&i-^it t. snlcn ^impUnuht t p&CO\^<^^ tc cr <.> 
cvt as me dectror: sBsfisstor. 
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